During a study of organic acid formation by pure cultures of fungi isolated from soil, one fungus was discovered to produce, under the conditions employed, substantial amounts of an uncommon organic acid. This acid was present in the culture filtrates and was formed from glucose or from ethanol as the sole source of carbon. Apart from cell material and C02, the acid was the predominant metabolic product. This paper describes the isolation and identification of the acid as trans-L-epoxysuccinic acid. It has the following structure:
HOOC-C-H 0 / H-C-COOH Also described herein is the isolation of various microorganisms capable of using epoxysuccinic acid as the sole carbon source for growth, and the conversion of the epoxy acid to meso-tartaric acid by living cells of a variety of different microorganisms. In addition, there is described the enzymatic conversion of trans-L-epoxysuccinate to meso-tartrate by cell-free extracts of bacteria.
Epoxysuccinic acid evidently is rarely encountered as a natural product-judging from the fact that, since its formation by two fungi was first disclosed by Sakaguchi et al. in 1939, only one report of its formation, by Aspergillu-s fumigatus, has appeared (Birkinshaw et al., 1945 ). The Japanese investigators described two new species of fungi as producing epoxysuccinic acid, e.g., Monilia formosa and Penicillium According to Dr. K. B. Raper" (personal communication), the culture of M. formosa received by him from Dr. Sakaguchi is probably Paecilomyces varioti and is carried in the Northern Regional Research Laboratory under the latter name as NRRL 1,282. Penicillium viniferum n.s. of Sakaguchi et al. (1939) A basal synthetic medium containing the following salts was used for cultivation of all the organisms studied in this investigation: KH12P04, 3 g; NaEHPO4, 6 g; NH4Cl, 1 g; MgS04.7H20, 0.12 g; distilled water, 1 L. For growth of fungi, ZnSO4 -5H20 and FeSO4 were added, 5 and 10 mg respectively. Also for growth of fungi, glucose or ethanol were added in concentrations of 30 and 20 g per L, respectively. For growth of bacteria, 1 g of Na trans-L-or -DL-epoxysuccinate was added as the sole carbon source to 1 L of basal medium. Slants for carrying stocks were prepared by adding 15 g of agar per L of medium. Liquid cultures were incubated at 30 C on a reciprocating shaking machine. Molecular weights were determined by boiling point elevation, using a procedure adapted from the method of Belcher and Godbert (1944) . Acetone was used as a solvent. Equivalent weights were determined by potentiometric titration with standard alkali. Glucose was determined quantitatively by the copper iodometric method of Schaffer and Somogyi (1933) , and ethanol by titration of the acetic acid produced from its oxidation by potassium dichromate-sulfuric acid solution (Neish, 1950) . (1906) . Rf values of the synthetic DL-acid were identical with those of the pure mold product in paper chromatograms developed respectively with the three different solvent systems described in table 1. It was possible to make a direct comparison between the acid produced by our isolate of A. fumigatus and the acid produced by the three other fungi reported to produce the Lisomer of trans-epoxysuccinic acid. The PeniciUium vermiculatum NRRL 1,009, obtained from NRRL, was found to produce epoxysuccinate under our conditions. Paecilomyces varioti NRRL 1,282 also produced the acid, but the strain we obtained directly from Sakaguchi (labelled Monilia formosa) did not produce the epoxy acid under our conditions; it did produce succinic acid. A. fumigatus NRRL 1,986, derived from the culture of Birkinshaw et al. (1945) , also was found to produce the epoxy acid under our conditions. The acid produced by all these organisms (with the exception noted) and that produced by our A. fumigatus gave identical Rf values on paper chromatograms employing different solvent systems.
MARTIN AND FOSTER
On the basis of all the criteria assembled, the acid produced by A. fumigatu4s is considered to be identical with traus-L-epoxysuccinic acid.
The traus-acid produced by chemical synthesis is a racemic mixture and does not have the same melting point (209 C) as its resolved components (180 C). The reaction mixture was passed through a Dowex 50 column to remove cations and the column washed with water until the effluent was no longer acid to litmus. The combined effluents were evaporated to dryness, then taken up in a few ml of water. The organic acid was purified by partition chromatography using a silicic acid column with 50 per cent n-butanol in chloroform (v/v) as the mobile phase (Marvel and Rands, 1950 harvested from tran?s-L-epoxysuccinate medium. D-and L-tartrates were also tested but were not oxidized. Substrate added at zero time. described above failed to act on the cis-compound. This culture has since died.
Diaysis of the enqjme extracts. Cell-free preparations containing trans-succinicepoxide hydrolase were dialyzed against a large excess of deionized water for 18 hours at 5 C. The dialyzed residue had epoxide hydrolase activity equal to an undialyzed control run parallel with the dialyzed material. In both cases 36 mg of trans-L epoxysuccinate were completely converted to meso-tartrate in 3 hours by 6 ml of enzyme .ND FOSTER solution. This result is in line with infomation available on other hydrating or dehydrating enzyme systems in that no cofactor has been shown to be involved in the enzymatic transfer of water (Williams et al., 1950) .
Simultaneous adaptation studies with whole cells. Washed cells of Flavobacterium sp. harvested from trans-L-epoxysuccinate medium were tested in Warburg respirometers for their ability to oxidatively attack the various isomers of epoxysuccinic and tartaric acids. The latter were of particular interest in order to ascertain whether tartrate is an intermediate in utilization of the epoxy acid by whole cells and if so, which of the antipodes is involved. Figure 2 shows that whole cells, like enzyme extracts, were as active in oxidizing the synthetic trans-D1-mixture as they were on the natural trans--epoxysuccinate.
Also, like the cell-free enzyme, whole cells failed to attack the cis-geometrical isomer. Figure 3 shows that whole cells grown on epoxysuccinate oxidatively attacked meso-tartrate, and approximately at the same rate as equivalent amounts of the epoxy acid. However, neither D-tartrate nor -tartrate (the latter not shown in figure 3) was oxidized under the same conditions. The finding that epoxy acid grown cells were simultaneously adapted to utilize meso-tartrate only, along with the cell-free enzymatic studies is taken to indicate that Trans-succinicepoxide hydrolase apparently is an inducible enzyme. Washed cells of Flavobacterium sp. grown on meso-tartrate oxidized mesotartrate immediately, but oxidized trans-Lepoxysuccinate only after a short but definite lag period (figure 4). Here, also, D-tartrate was not attacked throughout duration of the experiment, indicating that enzymes acting on this antipode were not present and were distinguishable from those acting on the meeo isomer. Similar results have been reported for pigeon and rat liver (Scholefield, 1955) .
The shape of the curve for oxidation of trane-L-epoxysuccinate (figure 4) suggests that the process is one of induction and that celLs grown on meso-tartrate medium were not back-adapted to the epoxy acid. However, the extreme shortness of the "adaptive" lag renders this interpretation suspect, and it could be argued that these cells were indeed back-adapted. Reaction (2) is analogous to the formation of epoxysuccinic acid by splitting out of H and Cl atoms as HCl from the a-and g-carbons respectively of chlormalic acid, followed by closure of the epoxide ring (LMssen, 1906) . t
The abundance of microorganisms in the soil capable of utilizing trafls-L-epoxysuccinate (and the DL-mixture) may mean the compound is of broader biological distribution than the evidence hitherto implied. Of course, if the enzyme should prove not specific for epoxysuccinic acid, the presence of these organisms could be ascribed to the existence in nature of other substrates possessing an epoxide linkage susceptible to succinicepoxide hydrolase. Since DL-epoxysuccinate is hydrolyzed by the crude enzyme preparations as fast as the pure L-isomer, one may suppose the enzyme extracts also contain either a D-succinicepoxide hydrolase or an epoxysuccinic racemase. It is of interest to note that tran8-I-epoxysuccinic acid is readily hydrolyzed chemically to a mixture of meso-and D-tartrates by refluxing in aqueous solution (Kuhn and Ebel, 1925) .
So far as we have been able to ascertain, meso-tartaric acid has not hitherto been known to occur in biological systems, although the compound can be readily prepared by chemical means (Inoue et al., 1943; Sumiki and Yaita, 1943; Milas, 1947; Fieser and Fieser, 1944) . Apart from the work described in this paper, one may infer that meso-tartaric acid is of biological significance from the fact that pigeon liver extracts and rat liver mitochondria possess enzymes which oxidize this isomer specifically (Scholefield, 1955) .
The t-and the D-antipodes occur in plant juices (Rabatd and Gourevitch, 1938; Bonner, 1950) ; the latter is also produced by bacterial oxidation of 5-ketogluconic acid (Jackson et al., 1949; Lockwood and Nelson, 1951) . The tartaric acid formed by A. niger from glucose (Bemhauer and Bockl, 1932) and from 5-ketogluconic acid (Gokhokidze, 1949) 
